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A Decadal Impact of the 1982-83 El Nifio on the Northern Pacific Ocean
Harley E. Hurlburt, Gregg A. Jacobs and Jimmy L. Mitchell -

Naval Research Laboratory
Stennis Space Center, MS 39529 USA

In a recent paper published in Nature we presented evidence which indicates that the effects of
equatorial El Nifio episodes are more far-reaching than previously believed [1]. In 1991 significant
anomalies in both the ocean circulation and Sea Surface Temperature (SST) over the North Pacific
Ocean were linked with this century’s largest such episode, the 1982-1983 El Nifio. This decadal
link is provided by a Rossby wave which propagated across the entire Pacific Basin.

The effects of the 1982-83 El Nino at the Peru and Ecuador coasts were almost immediate: the
Sea Surface Height (SSH) rose and SST increased [2]. The subsequent reduction in fish
populations [3, 4] and the increased rainfall [5] severely impacted the regional economies [6].

- These local effects, which last from 1 to 2 years, are normally associated with El Nino events.

Recently observed oceanic anomalies in SSH and SST indicate that during 1991 to 1993, a
portion of the Kuroshio Extension transport was routed to a more northern latitude. In this paper
we present evidence that the 1982-83 El Nino is responsible. The anomalous northward routing of
a portion of the Kuroshio Extension advected warm waters further north than normal, resulting in
extremely warm SST anomalies across the North Pacific during the early 1990’s.

The observational evidence for this rerouting of a portion of the Kuroshio Extension comes
from satellite altimeter and infrared data. Significant changes in SSH are seen in a combined
analysis of altimeter data from the Geosat-Exact Repeat Mission satellite (Geosat-ERM) [7] and the
European Remote Sensing satellite (ERS-1). The resulting change in SSH (Fig. 1a) represents a
change in ocean circulation over the interval from 1988 to 1993. Similar results are obtained by a
combination of TOPEX/POSEIDON and Geosat-ERM altimeter data.

In Figure 1a, a positive SSH anomaly centered Just south of 40°N at 175°E lies north of the
Kuroshio Extension. The anomaly indicates that a portion of the current is routed to a path that
follows the northern slope of the anomaly. The circulation changes imply changes in SST as warm
waters are advected further north. A consistent set of global SST has been compiled since 1985 by
Reynolds [8]. A warm SST anomaly north of the Kuroshio Extension is clearly seen in Figure 1b
extending from Japan to North America at 40°N. This SST anomaly is just north of the SSH
anomaly as expected (Fig. 1). Thus, both satellite-sensed SSH and SST strongly suggest a
northward shift of a portion of the Kuroshio Extension and a subsequent anomalous northward
transport of warm waters. '

Concurrent with the recent abundance of satellite data is a revolution in our ability to
numerically resolve oceanic dynamical processes in models [9]. From a numerical model
simulation, we use results which cover the decade from 1981 to 1993. The model simulation and
observational data provide independent results. This synergy is very important as results from one
source alone may be inconclusive due to errors or assumptions. SSH changes in the model
simulation (Fig. I¢) indicate an anomaly from Japan to Alaska similar to that of the altimeter data.
This suggests that the events which give rise to this ridge are realistically simulated in the model.
The decadal simulation provides a unique, continuous, high-resolution data set which is used to
identify the sequence of events which generate the observed trans-Pacific ridge. An animation of
the model SSH variations from 1981 to 1993 clearly reveals that these events began in 1982 as a
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result of the El Nino.

The 1982-83 El Nino was initiated by the relaxation and subsequent reversal of easterly winds
over the western and mid-Pacific [10] which generated an eastward propagating equatorial Kelvin
wave. This Kelvin wave reflected from the American continents as a westward propagating
Rossby wave. The subsequent propagation of the El Nino-generated Rossby wave across the
entire North Pacific is shown in Figure 3.

Up to now, propagation of a Rossby wave across the Pacific Ocean at these high latitudes has
never been demonstrated.. Comparisons of the Geosat altimeter data at 30°N with model results
verifies the wave’s trans-basin journey (Fig. 4). Rossby waves, observed at the coast of the

American continents [11,12], were not anticipated to propagate an appreciable distance into the
basin as coherent structures. The energy of the wave was expected to cascade to smaller scales
(i.e., the wave could dissipate into eddies) and not to propagate as far as Hawaii at this latitude.
However, our observations and simulations indicate that the Rossby wave not only remained intact
as far as Hawaii, but continued across the basin and is coherent well over a decade later. The
Rossby wave generated by the 1982-83 El Nino exists today in the northwest comer of the Pacific

Ocean.

Two additional ocean model simulations were performed to help isolate the decadal effects of
the 1982-83 El Nino. One simulation was initialized in 1984 after the El Nino and shows the
absence of the El Nino-generated Rossby wave at 30°N (Fig. 4¢). The other experiment starts in
1981, includes the 1982-83 El Nino, but wind forcing reverts to climatology in 1984 to exclude.
subsequent wind forced anomalies. It shows the Rossby wave (Fig. 4d), and because no
knowledge of the ocean or atmosphere after 1983 was used, it demonstrates the potential for
decadal predications of El Nino-generated Rossby waves and their effects. The ocean model has
helped link observations that were widely separated in space and time. To do this it was essential
that the ocean model (a) maintain the Rossby wave for over a decade and (b) propagate it with high
accuracy. »

References

[1] Jacobs, G.A., H.E. Hurlburt, J.C. Kindle, E.J. Metzger, J.L. Mitchell, W.J. Teague, and
A.J. Wallcraft, Nature, 370, pp. 360-363, (1994).

[2] Cane, M.A., Science, 16, pp. 1189-1194, (1983).

[3] Barber, R.T. and F.P. Chavez, Science, 16, pp- 1203-1208, (1983).

(4] Barber, R.T. and F.P. Chavez, Nature, 319, pp. 279-285 (1983).

[5] Rasmuéson, E.M,, and J.M. Wallace, Science, 16, pp. 1195-1202, (1983).

[6] Goldberg, R.A., G. Tisnado M, and R.A. Scotfield, J. Geophys. Res., 92, pp. 14, 225-
14241, (1987). '

[7] Born, G.H., J.L. Mitchell, and G.A. Heyler, J. Astron. Sci., 35, pp- 119-134, (1987).
[8] Reynolds, R.W. and D.C. Marsico, J. Climate, 6, pp- 768-774 (1993).

E9]99Hur1burt, HE., A.J. Wallcraft, Z. Sirkes, and E.J. Metzger, Oceanography, 5 (1), pp. 9-18,
1992). :

[10] Wyrtki, K., J. Phys. Oceanogr., 5, pp. 572-584, (1975).

—-114 -




N e L T

hli‘;‘-;w AR

i

e e I NS U

R R N T e AR
Rt et A A

[11] White, W.B., and LE.T. Saur, J. Phys. Oceanogr., 13, pp. 531-544, (1983).

[12] Jacobs, G.A., W.J. Emery, and G.H. Born, J. Phys. Oceanogr. 23, pp. 1155-1175,
(1991).

[13] Teague, W.J., M.J. Carron, and P.J. Hogan, J. Geophys. Res., 95, pp. 7167-7 183,
(1990).

[14] Hurlburt, H.E. and J.D. Thompson, J. Phys. Oceanogr, 10 pp. 1611-1651, (1980).

[15] Wallcraft, A.J., NOARL Report 35., Naval Research Lab, Stennis Space Center, MS, 21
pp., (1991).

[16] Metzger, E.J., H.E. Hurlburt, J.C. Kindle, Z. Sirkes, and J.M. Pringle, Mar. Technol. Soc.
J., 26 (2), pp. 23-32, (1992).

[17] Hellerman, S., and M. Rosenstein, J. Phys. Oceanogr., 13, pp. 1093-1104, (1983).

[18] McCreary, ., J. Phys. Oceanogr. 6, pp. 632-645, (1976).

[19] Hurlburt, HE., J.C. Kindle, and J.J. O’Brien, J. Phys. Oceanogr., 6, pp. 621-631, (1976).
[20] Chelton, D.B., and R.E. Davis, J. Phys. Oceanogr., 12, pp. 757-784, (1982).

This work was sponsored by the Ofﬁce0fN5valRe?€mch(ONR5%nd by the Advanced Research

Projects Agency (ARPA) under the Strategic Environmental Research and Development Program
(SERDP).

-115 -




3w e

- RO

40N

ke I

20N S 3 B S
160W 140W

120W 100V

40N,

120K 140E 1601 180 160W 140V 120W 100W

40N

20N

Fig. 1: (2) Change in SSH from the Geosat-ERM (Nov 86 - Oct 89) to ERS-1 (Apr 92 - Mar
93). The color bar indicates changes from -15 to 15 cm. The climatological position of the
Kuroshio Extension [13] is plotted so that the positions of the features may be compared. (b)
Deviation of SST from satellite IR averaged over Apr 92 - Mar 93 from a mean over 1985-92.
Data are supplied by infrared radiometer satellites [8]. The color bar indicates anomalies from -1 to
1°C. (c) Change in model SSH from the time of the Geosat-ERM (Nov 86 - Oct 89) to the ERS-1
time frame (Apr 92 - Mar 93). These are the same time periods as covered by the altimeter
satellites in (a). Figure 1c is from a 1/4° 6-layer global ocean model [14,15,16]. This simulation is
forced only by winds and is spun up to statistical equilibrium by forcing with the Hellerman and
Rosenstein wind stress climatology [17]. Subsequently, the model is forced from 1981 to 1993
with-daily 1000 mb winds derived from the European Centre for Medium-Range Weather
Forecasts (ECMWF) with the annual mean replaced by that of Hellerman and Rosenstein [16].
The model reproduces all of the major current systems of the North Pacific including the cquatorial
currents and the Kuroshio Extension [16].
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Fig. 2: (a) Model SSH deviation in Aug 1982 from a mean over Jan 81 - Dec 92. The SSH
high along the equator and along the coast of the American continents is a signature of the 1982-83
El Nino event caused by an eastward propagating equatorial Kelvin wave [18,19]. (b) Model SSH
deviation 5 months after the time of Figure 2a. Upon reaching South America, the equatorial
Kelvin wave generates poleward propagating coastal Kelvin waves along the western coasts of the
Americas. The SSH high along the equator diminishes significantly, but coastal Kelvin waves,
which propagated up the North American coast, leave a high in SSH along the entire coast.
Historically, in response to other El Nino events, coastal Kelvin waves have been observed to
propagate along the coast of North America as far as the Aleutian Islands [20]. (c) Model SSH
deviation 9 months after the time of Figure 2a. The high SSH along the North American continent
begins to peel away from the coast as a westward propagating Rossby wave.
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Fig. 3: Model SSH is averaged over one year to filter out short time-scale variability (a: over
3 Mar 84 - Feb 85, b: over May 87 - Apr 88, c: over Apr 92 - Mar 93), and the 11 year model mean
SSH is subtracted. The Rossby wave SSH ridge is indicated by the dashed line. Model SSH
deviation (a) 2 (b) 5 and (c) 10 years after the 1982-83 El Nino. The decrease in Rossby wave
phase speed with increasing latitude causes bending of the wave front [11]. After 10 ycars the
Rossby wave has moved to a position extending from Japan to Alaska.
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